Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Hosted by Google 



Hosted by Google 



Blowpipe Manual. 



DR. THEODORE SCHEERER, 

PnJiiiBT afCktmiilTn m Me Roaal Saxon Mining SiAqoI at Freiberg. 



WILLIAM S. CLARK. 



AMHERST: 
BTOERS & McCLOUD, PRINTERS. 



Hosted by Google 



Hosted by Google 



Translator's Preface. 



This little manaal has been prepared for the uae of the 
students of the Massachusetts Agricultura,! College, 

Those who desire further information upon this most 
important subject are referred .to Plattner'a " Art of 
Assajing with the Blowpipe." 
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Introduction. 



The blowpipe is a simple inBtniment which has ftw 
several centuries been used by workers of metals in 
various countries to produce suddenly an intense heat. 
Its use Laving been chiefly to melt the solder employed 
in fastening together pieces of more infusible metals, it 
is called by the Germans soldering pipe. The simplest 
and most ancient foim of the blowpipe is a hoUow, coni- 
cal, metallic tube, which at the small end is bent 
without a sharp turn to a right angle. In using, the 
larger end of this is taken into the mouth and a stream 
of air blown iuto it, which is applied as it issues from 
the point exaictly like the blast from a bellows. The 
blowpipe may, therefore, be regarded as a small bellows 
fed by the mouth, and its heating effect depends upon 
the same principles. In this rude application and form 
the blowpipe was of no importance to science. This it 
came first to possess when the careful study of several 
scientific men had converted it into one of the 
most valuable instruments for the chemist and mineralo- 
gist, as well as for miners and metallurgists. The fol- 
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lowing historical sketch shows how this was gradually 



Anthony Swab, a Swedish counselor of mines, who 
lived in the first lialf of the eighteenth century, was, bo 
far D3 is Icnown, the first who undertook to apply the 
blowpipe to the chemical examination of ores and 
minerals." Next to him, the Swedish mineralogist Cron- 
Btedt, used the blowpipe for determining and dislinguish- 
ing minerals, with' special reference to the chemical sja- 
tem of mineralogy published by bim in 1758. Enges- 
trcem, who in the year 1765 translated this system into 
English, added a description of Cronstedt'a melhod of 
using the blowpipe. In the year 1773 this description 
was translated into Swedish, and soon after, into several 
other European languages. Imperfect as the application 
of the blowpipe then was, it attracted immediately great 
attention from the rapidity and certainty of its results. 
Nevertlieless, the new art, wliieh easy aa it appeared 
required long continued practice, made at first but little 
progress. It received imjHjrtant assistance from the 
efforts of Bergmann, who employed the blowpipe for 
qualitative examinations in the whole province of inor- 
ganic chemistry, and showed, how by ita aid very mi- 
nute quantities of mineral substances could be detected, 
the discovery of which in any other way would be much 
more difficult. Bergmann published the results of his 
experiments in a work, which was printed in Latin at 
Vienna in 1779, and was translated into Swedish by 
Hjelm in 1781. Upon the death of Bergmann, which 
happened soon aflier, (in 1784), Gahn pursued still 
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further the path struck out by the latter. He attained 
by persevering zeal to great skill in the use of the 
blowpipe, without, however, recording anything of hia 
rich experience, which would have been for the most 
part lost except for hia obliging readiness to com- 
municate the art to any one desirous ,of acquiring 
it. The young Berzeliua, whom Gahn regarded 
with peculiar interest as a student of science, was thus 
enabled to possess himself of his knowledge, and upon 
this foundation to build greater. Gahn had made a 
good selection ; a person better adapted for this further 
development of the art could scarcely have been found. 
By him the application of the blowpipe was not only in 
a high degree perfected and extended, but at the same 
time by his personal instructions and writings so widely 
diffused that it has now become an essential part 
of the knowledge of every chemist and mineralogist. 
In the year 1821 Berzeliua published his excellent 
"Use of the Blowpipe in Chemistry and Mineralogy," 
of which since that time several editions have appeared 
and which has been translated for the use of American 
students by Professor J. D. Whitney. 

All the efforts of those who thus far bad used the 
blowpipe in chemical experimentation bad been directed 
to qualitative analysis. Harkort, however, seizing upon 
the fruitful idea of employing the blowpipe also in 
quantitative analysis became the founder of a new branch 
of the blowpipe art. In 1827 appeared as the result 
of bis experiments made in JFreiberg the first number 
of his "Art of Assaying with the Blowpipe" containing 
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the article on silver. He was prevented from issuing 
the second number, which was to contain the methods 
of determining lead, copper and tin, by a call to Mexico, 
where he died a few years after. Plattner, his saccea- 
sor, perceiving the importance of developing the snbject, 
employed himself for many years in applying to prac- 
tice the idea of Harkort. His perseverance and in- 
genui^ enabled him to bring the art of assaying quanti- 
tatively with the blowpipe to a degree of perfection 
which had been previously thought impossible. Plattner 
has given the results of liis experiments both in qualita- 
tive and quantitative assaying in his work, "Art of 
Assaying with the Blowpipe," of which the first edition 
appeared in 1835 and the second in 1847, and which 
has been translated and published in London. 

The methods of assaying qualitatively and quantita- 
tively with the blowpipe, in the state of perfection to 
which they have been brought by Berzeliua and Platt- 
ner, are sciences so extensive that a considerable amount 
of time and practice are required to become familiar with 
them. Especially is this true of quantitative assaying, 
which indeed is seldom acquired by chemists, bat is 
almost exclusively employed by practical metallurgisfB, 

The follcwing description of the apparatus, reagents 
and methods to he employed in qualitative analysis with 
the blowpipe, is believed to be sufficient for the use of 
be^nnera, and even for most of the students in the 
scientific schools and colleges of the country. 
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THE BLOWPIPE FLAUE AND ARTICLES NECESSARY FOR 
ASSAYING QUALITATIVELY WITH THE BLOWPIPE. 



The blowpipe flame is produced when with the aid 
of a blowpipe a current of air is driven in aucordane© 
with certain rules through the flame of a candle or 
lamp. The best flame for this purpose is that of an 
oil lamp with a wide and rather thick wick. The prin- 
cipal requisites to the production of a good flame are 
first, the steadiness and sufficient durability of the blast; 
and seeondlj, the proper application and management of 
the same. The first will be treated of along with the 
description of the blowpipe. In regard to the second 
point, the flame may be made to produce upon the 
heated substance either an oxidizing or a reducing 
efiect. 

The oxidizing and reducing flames are the principal 
agents in the whole art of assaying with the blowpipe. 
He who understands how to produce these flames of 
the right kind and of suflicient permanence has over- 
come one of its most difficult points. 

To form a reducing flame, the point or jet of 
the blowpipe is held parallel with the somewhat 
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14 BLOWPIPE FLAMES. 

obliquely cut wick and in such a way that it joat 
touches the side of the flame. The result, will be 
a yellow, luminoua flame. 

Ah oxidizing flame is produced wlien the blowpipe 
jet is introduced into the flame about one-third the 
width of the wick. At tSie same time it is well to blow 
a little harder than in the production of the reducing 
flame. The oxidizing flame is of a blue color and 
possesses but little illuminating power. 

The yellow color and luminous character of the re- 
ducing flame result from the solid particles of carbon, 
which unconsuined, but white-hot, float in the burning 
gasea till they are burnt upon the outside of the conical 
flame. In the oxidizing flame, which exhibits the blue 
color of burning carbonic oxide gas, these particles of 
carbon are wanting. 

It is not difficult to give the reason for the production 
of these unlike flamra. In the reducing flame the less 
powerful blast from the blowpipe drives the whole flame 
before it without causing a complete mixture of the com- 
bustible gases with the air ; while in the oxidizing flame 
a more powerful stream of air is thrown directly into 
the flame, and is thus more thoroughly mixed with tho 
burning gasea. In the latter case, therefore, a much 
more complete combustion must take place than in the 
former. 

If a piece of a subs^ce capable of oxidation he held 
directly before the point of the oxidizing flame, it will 
be heated by it, and will be oxidized by the surrounding 
atmospheric air. If a powerful blast he used in this 
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operation, a portion of tho air will pasa uueonsumed 
through tho point of the flame and increase its oxidize 
ing effect. Not only ia the oxidizing flame employed 
for oxidation, but also, on account of the greater inten- 
sity of ita htat, for determining the fusibility of sub- 
stances. It should hero be observed that the point is 
the hotteat part of the flame. 

The reducing flame has the greatest reducing effect 
when the substance operated on is introduced eo far into 
the flame as to be completely surrounded by it and thus 
protected from the oxidizing influences of the atmos- 
pheric air. It must not, however, he introduced so far 
into it as to allow it to become covered with carbon, 
which wotild diminish the heat, and sometimes produce 
other injurious effects. 

A. — The Blowpipe. 

The most convenient form of the blovrpipe is that in- 
vented by Berzelius. It consists of five parts, which 
are so fitted together that they can be readily taken 
apart for cleansing or transportation, Theae parts are a 
mouthpiece, a narrow tube seven to nine inches long, an 
air-charaber to collect the condensed vapor of tlie breath, 
a small tube inserted into the air-chamber at riglit-anglea 
to the larger one, and a jet with a minute orifice for the 
escape of the blast. 

The mouthpiece may he either funnel-shaped to press 
against the lips, in which case it ia made of horn, or a 
mere extension of the larger tube, formed of bone,, ivory 
or silver, the tube itself being usually of brass. 
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16 SUPPORTS FOR ASSAY. 

The jet ehould be a conical piece of platinum pro- 
perly bored and drilled to fit the tip of the shorter tube 
and to allow the escape of a vcrj small stream of air. 
Care must be taken that the orifice be not too much en- 
larged in removing the carbon which may collect upon 
and obstruct it This is beat done by heating the jet to 
redness. 

With sufficient practice it is possible bj using the- 
wide mouthpiece to blow uninterruptedly irom five to 
ten minutes. During this continuous blowing the ex- 
perimenter must breathe through the nose, using the 
palate as a valve, and force the air out by means of the 
muscles of the cheeks. 

B.— -The Blowpipe Flame, 

The flame for use with the blowpipe may be that of 
coal gas, a, candle, or a lamp filled with oil, bui-ning 
fluid or alcohol. Where gas cannot be had, it will be 
found convenient to have both an alcohol and an oil 
lamp. These may be either of glass or metal. 

C. — Supports and Holders tor the Substances 
TO BE Heated. 

For holding the substances which are to be exposed 
to the flame of the blowpipe must he employed, of 
course, materials which are not easily injured by heat. 
The following articles are most commonly used : — 

1. Charcoal. — ^The best for this purpose .is a well 
burnt, compact and dry coal of pine or other soft wood. 
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free from knots, and having the rings of growth as close 
together as possible. Its good quality may be known by 
its clear, ringing sound wheit struck. This should be 
sawed into parallelopipeds six inches in length and two 
in width in such a way that the rings of growth are 
cut off at right-angles to two of the long sides. These 
sides of the coal are the ones for use. The substance to 
be heated is laid near the edge of the coal, sometimes in 
a shallow depression made in it. The other two long 
sides of the coal, which run parallel with the rings of 
growth or rather with tangents to these, are unfit for 
use, since in consequence of their heterogeneous struo- 
ture they often burn with very uneven surEices 
and sometimes snap off. A substance is heated upon 
coal when it is intended to reduce it, to prevent its oxid- 
ation, or when the unavoidable reducing efiect of contact 
with coal can exert no injurious influence xipon the de- 
sired result. 

2. Platinum Wire, about 0.4 of a millimeter in thick- 
ness. A long piece of this is bent several times around 
in the form of a ring and the free ends bent up in- 
to small hooks. The ring is held upon the index 
finger of the left hand, and one of the hooks, filled 
with the substance to be examined, exposed to the flame 
of the blowpipe. Borax, or salt of phosphorus, is com- 
monly melted first to a transparent bead upon the hook, 
and then the substance to be tested, in the form of small 
pieces or as a fine powder) heated witt it, in order to 
observe its reaction with these fluxes both in the oxi- 
dating and in the reducing flame. Of course, care 
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18 PLATINUM AND GLASS. 

must be taken not to treat in this waj metals or other 
substances which under aucb circumstances would at- 
tack the platinum wire. 

S. Platinum Foil. — This is used for fusing snb- 
Btances wliich must not be subjected to any reducing 
influence, as is unavoidable upon coal. The platinum 
foil, which should he about 2 inches long and 1 inch 
wide, may be laid upon a piece of charcoal or held in 
forceps. 

4. A Platinum Spoon, about half an inch wide. 
While in Use the handle may he fastened to a holder 
made for the purpose and furnished ivith a screw for 
securing itj or may be stuck into a cork. Such a spoon 
13 used for melting certaiu substances with bisulphate or 
nitrate of pota^a. 

5. Forceps, with platinum poinfa. Their form is 
such that the two platinum points arc separated by 
pressing upon the heads of rivets. Between the extremi- 
ties of the platinum points is introduced a fragment of 
the substance to be tested before the blowpipe either 
with reference to its fusibility or the color which when 
heated it imparts to the blue flame. The whole foreepa 
are from 5 to 6 inches long. 

6. Glass Tubes, about Q millimeters in diameter, and 
from 5 to 6 inches long. These are employed chiefly 
for roasting substances containing sulphur, arsenic, 
selenium, tellurium or antimony, which when heated 
with certain precautions in an open tube either deposit 
various sublimates upon the inner surface of it or give 
off an odor by which they may be recognized. 
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7. Glass Mattrasses, which can be easilymade by- 
fusing together one end of a glass tube. Their length 
should be about 3 inches. They are used in heating 
substances which contain volatile ingredients to protect 
them as much as possible from the influence of the air. 
Tlio volatile substance driven off is deposited, in this, 
case, upon the inner siirfacG of the tube, but not in aa 
oxidized condition as when heated in an open tube. 

D. — The Blowpipe Reagents. 

In most blowpipe experiments the number of reagents 
employed is very limited and the quantity of these re- 
quired very small. There are only three reagents 
which can be said to be extensively used. 

1. Soda. — Anhydrous carbonate of soda, which for 
certain purposes must be free from sulphuric acid. 
Soda is used principally to assist in the reduction of 
metallic oxides and suiphides upon charcoal, to decom- 
pose silicates and to determine the solubility or insolu- 
bility of a substance when melted with it. 

2. Borax. — Purified borax freed by heat from the 
greater part of its water of crystallization and pulver- 
ized. In using it, the red-hot hook of the platinum 
wire is dipped into the powder and the portion adiiering 
to it meitfld in the flame of tlie blowpipe, and this ope- 
ration is repeated till the bend of the wire is filled with 
a globule which both hot and cold must appear per- 
fectly transparent and colorless. The still soft bead of 
borax is the:i dipped into the powder of the substance 
to be tested, bo that a suitable quantity of the same ad- 
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beres to it, which can then be subjected to the iDfluenoe 
of the melted borax glass in the flame of the blowpipe. 
The solubility or insolubility of the assay is to be ob- 
served, and also the color of the bead in the oxidizing and 
in the reducing flame both while hot and after cooling. 

3. Salt of Phosphorus, the well known double phos- 
phate of soda and ammonia. It cannot be melted to a 
bead directly upon the platinum wire without difBculty, 
(since, so long as ammonia and water are disengaged, it 
drops off easily), and must, therefore, first be freed 
from these by heating gradually upon charcoal, and then 
taken upon the wire. The use is exactly like that of 
borax. 

Besides those principal reagents, a few others are, in 
certain cases, employed, via : ti^altpeter, for oxidizing 
meltad substances. Bisulphate of Potassa, for expelling 
and determining certain volatile substances, (lithia, 
boracic acid, nitric acid, hydrochloric acid, bromine, 
iodine), as well as for the decomposition of titanates, 
tontalates and tungstates. Nitrate of Cobalt, chemi- 
cally pure and in solution, especially for testing for 
alumina, magnesia, oxide of zinc, oxide of tin, and 
titanic acid, which moistened with the solution of cobalt 
and heated assume certain characteristic colors. Silica, 
for various purposes. Fluor-spar, mixed with a certain 
quantity of bisulphate of potassa, for detecting lithia 
and boracic acid. Oxide or Oxalate of Nickel, for de- 
termining the presence of a large quantity of potassa 
in salts containing at the same time soda and lithia. 
Oxide of Copper, for detecting chlorine, bromine and 



Hosted by Google 



BLOWPIPE impls:ments. 21 

iodine. Tin, in the sliope of foil, for assisting in tho 
reduction of substances dissolved in borax, or salt of 
pliospliorus. Tlio hot bead, resting -upon charcoal, is to 
bo touched with tin foil , so ihat a portion of this rcmaina 
upon it, and then heated a few Ecconds in aa powerful a 
reducing flame as possible. Silver, for detecting sulphur 
and sulphuric acid. 

The blowpipe reagents may be best kept in bottles, 
well stopped with ground glass stoppers, — which may 
he packed in a wooden box conslracted for the purpose. 
In traveling, means should be adopted lo prevent the 
stoppers from becoming loose and falling out. 

E.— OtHEK AltTICLCS NECE=SARY IN ASSAYING WITH 
THE BLOWPIPE. 

The meihod of using these articles, of which some are 
rather convenient than indispensable, requires no ex- 
planation. 'Xho following arcj therefore, merely men- 
tioned; a hammer, a small anvil, a steel mortal", an 
agate mortar, files of various sorts, a knife, scissors, a 
magnet, a microscope, &c., &;c. 
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This consiBts of the perfonnauce of certain operations, 
and the accamte observalion of the resulting phenomena, 
from which the presence or absence of certain substances 
may be known. These operations may be undertaken 
most adyaiitageously in the following order, viz : Test 
of the substance to be examined, first, in a glass matrass, 
i. e. in a glass tube closed at one end ; second, in a glass 
tube open at both ends ; third, on charcoal ; fourth, in 
the platinum forceps ; fifth, in the borax bead; sixth, 
in the phosphorus bead ; seventh, with soda. After these 
teste, it is often necessary to make some experiments for 
the detection of certain substances, the presence or 
. absence of which could not be positively determined by 
the preceding operations. 

1. — Test in Glass Matrass. 

The clean and perfectly dry matrass, containing a 
small quantity of the substance to be examined, is heated 
at the lower end at first gently over the flame of a 
spirit lamp, and then gradually more intensely before the 
blowpipe, till the glass begins to soften. 
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Itisto be noticed whether anytliing is sublimed or vol- 
atilized, as ex. gr. water, quicksilver, sulphur, selenium, 
tellurium, arsenic. The first throe may be readilj' recog- 
nized from their well known properties. In case water ii 
sublimed, it should always be noticed whether it gives aa 
acid or alkaline reaction with litmus paper. When organio 
substances arc present, the fluid deposited on the walla 
of the tube has a characteristic burnt taste and odor. A 
microscope is often necessary to detect a small sublimate 
of quicksilver ; its use should indeed rarely be dispensed 
with in these operations. Selenium gives a red subli- 
mate ; if a largo quantity be preseot so that a thick crust 
is deposited, the color in the lower part of the tube it 
Bteel-gray. Tellurium produces a gray sublimate. Ar- 
senic yields a black deposit, which, when the quantity is 
considerable, haa a somewhat 'metallic luster. It must 
not, however, he concluded, because these reactions da 
not appear, that these elements are not present, since 
flulphur, selenium, tellurium and arsenic especially 
may occur in compounds from which they either can 
not be liberated by such ignition, or at least not in a 
pure condition. It is also to ha observed that two or 
more of them may he present in a compound and may 
be sublimed together, by which the difficulty of recognis- 
ing them is more or less increased. This is very often 
the ease with sulphur and arsenic. These sometimes 
give a sublimate, which below consists of metallic arsenic, 
but higher up appears successively black, brown, i-ed 
a,nd yellow ; colors due to sulphide of arsenic, which is 
more volatile than the metal. Oxygen and ammonia, 
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wlieii dissngagcd from a substance by beat; may also be 
detected in tlie matrass; the first, by introducing a 
burning splinter of wood ; the last, by tLe introduction 
of a strip of reddened litmus paper. Commonly, how- 
ever, ammonia is not given off in a pure state but com- 
bined with an acid, and then a ivbitc sublimate of an 
ammoniacal jalt is depo-ited. By mixing the assay with 
lime or foda, and then healing it in a mattrass, free am- 
monia is libeTatcd and easily recognized. Some other 
suhsiances. especially fluorine, chlorine, bromine, iodine 
and nitric acid, can be detected in the matrass: since 
this^ however, cannot in most cases lie dune i>y boating 
the siibslance iindcr examination alone, bnt only by the 
use of some particular reagent, the method will be given 
in the eighth section, which treats of the performance cf 
special experiments for tbc detection of certain sub- 



It is to be obscr'ved, secondly, whether the substance 
heated is in any way altered, ex. gr. cJiangos its color and 
perhaps in cooling resumes it, varies its form or state of 
aggregation, exhibits a flash of light or phosphorescence, 
decrepitates, &c., &c. To treat in a special manner all 
such oases iiere would occiipy much space, and still not 
obviate the necessity of more exact chemical knowledge, 
which the skillful experimenter with the blowpipe must 
always have at command. 

The test in the matrass gives in many cases, as appears 
from the preceding, no distinct proof, but often only in- 
dicatioiis of the presence of substances which can be 
dctermioed with absolute certainty only after still further 
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experimentation. The indicafions are nevertlieless of 
importauce, and afford much assistajieo towards the final 
decision. 

2. — Test in the Opeh Tube. 

A portion of the assay finely pulverized is introduced 
about a lialf an inch into tlie luhc, and tliia gradually 
heated at the place ivhere tlie substance lies. The tube 
should be held a little inclined, to that the current of 
heated air passes over the assay, and upwards thiough the 
upper and longer part. In this way the assay is roasted, 
i. e. exposed to an oxidizing heat, by which various sub- 
stances arc volatilized and rendered recognizable. Sul- 
phur is disengaged as sulphurous acid, which may be 
easily known by its peculiar suffocating odor. Selenium 
is but little oxidized, and deposits a red or steel-gray 
sublimate, at the same time giving the very eliaracteria- 
tic odor of selenium vapor — resembling tliat of decayed 
horseradish — a ready and sure proof of its presence. 
Arsenic is volatilized as arsenious acid, antimony, as oxide 
of antimony and tellurium as tellurous acid, all of which 
form a white sublimate. That of arsenious acid is dis- 
tinctly crystalline, while the others appear pulverulent 
Arsenious acid and oxido of antimony can be driven for- 
ward by heat from the place where they have been 
deposited, but in the case of tellurous acid, tliis takes 
place only in appearance, since it fuses to small trans- 
parent drops, which may be detected sometimes by the 
naked eye, though better with the aid of a microscope. 
The roasting process must be carried on slowly with 
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» gradually increasing temperature and a good current 
•f air, produced by the inclination of the tube ; aince 
otlicrwbe, unoxidizcd volatile siibstancea might be 
lublimed, and the assay fused together so as to prevent 
further oxidation. To roast a substance as completely as 
possible, it is necessary after heating it some minutes, to 
grind it in an agate mortar, and then to repeat the 
roasting. This alternate heating and grinding must be 
continued till nothing more is sublimed. 

3 — Test on Charcoal, 

The same things are to be observed in beating on char- 
coal as m using the mitrasf Especmliy important is it 
to become familiar with the color nnd certain other pro- 
perties of the ineiuttations which different substances 
defosit -nlien heated on ch'iicoa] These are more par- 
tn,ularly treated of in the lollowing synopsis taken from 
Plattner's "Art of Assaying with the Blowpipe." 

Selenium melts easily, and gives in tlie oxidizing 
or reducing flame brown fumes, and deposits an incrus- 
tation which at a little distance from tlie assay is steel- 
gray, with a slight metallic luster, and at a greater 
distance, dull and dark-gray, inclining to violet. This 
incrustation is readily driven from one place to another 
by the oxidizing flame, but, if touched with the reducing 
flame, vanishes, coloring the flame at the moment beauti- 
ful ultramarine. Wlien selenium fused On coal ,or a 
deposit from it, is touched with the blowpipe flame a 
strong odor of decayed horseradish is perceptible, due 
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to the gaseous, colorless oxide of selenium which is 
thus produced, 

Tblltjiiium melts very easily, gives off fume3 and 
deposits on the coal, not far from the assay, both in the 
oxidizing and in the reducing flame, tellurous acid. Ihe 
deposit is white, with red or dark-yellow edges, and may 
be driven from place to place by the oxidizing flame, but 
in the reducing flame vanishes, coloring the flame at 
the same time green, or, when selenium ia present, bluish- 
green. 

Arsehic volatilizes without fusing, and deposits upon 
the coal, in the reducing as well as in the oxidizing 
flame, arsenious acid. The deposit is white, in thin lay- 
ers, grayish, and at some distance from the place where 
the assay was laid. It is removed instantly when 
merely warmed by the blowpipe flame. If heated sud- 
denly in the reducing flame, it vanishes, giving the flame 
a feeble light-blue color. When volatilized it gives a 
strong alliaceous odor, which is peculiar lo the suboxide 



Antimony fuses readily, and incrusts the coal with 
oxide in both flames. The incrustation is white, in 
thin layers, bluish, and nearer the assay than that of 
arsenious acid. By a gentle heai from the oxidizing 
flame, it may he driven from one place to another with- 
out coloring the flame, but, if exposed to the reducing 
flame it changes its positions with a slight greenish- 
blue color. The oxide of antimony being much less 
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volatile than the arsenious acid may be easily distin- 
guished from it If raetallic aniimoiiy bo melted Njn 
charcoal and heated to redness, and then allowed to re- 
main undisturbed, it coiUmues a long lime red-hot, and 
^ves off dense wliite fumes, whicli are partly deposited 
upon the coal, and partly around tlio globule of metal 
in white, pearly crystals. This phenomenon deponda on 
the Cict that the red-hot fluid globule of metal absorba 
oxygen ffom the air, oxide of antimony is formed, and 
thus 90 much heat liberated as is necessary to keep the 
very fusible antimony in a melted state for some time, 
till it becomes covered with crystals of the oxide. 

Bismuth fnaea very easily, and deposits on the coal 
oxido of bismath, both in the oxidizing and in the re- 
ducing flame. The deposit is, while hot, dark orange- 
jelioiv, when cold, lemon-yellow, and in_ thiii layers, 
bluish-white. The yellow deposit consists of pure oxide 
of bismuth, and the bluish-white, which is farthest from 
the assay, of carbonate of bismuth. The bismuth in- 
crustation is deposited a little nearer the a^ay than that 
of antimony. It may he driven from place to place by 
cither flame, since the oxide is reduced on the coal at a 
red heat, and the metallic bismuth then volatilized and 
reoxidiaed, but does not, when heated in the reducing 
flame, impart to it any color. 

Lead melts easily, and gives the coal in either flame 
an incrustation of oxide at the same distance from the 
assay as that of bismuth. The deposit while hot, is 
dark lemon-yellow, after cooling, sulphur-yellow, and in 
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thin layers, bluish-wliite. The yellow crust is pure 
oxide of lead, and the bluisli-white, carbonate of lead. 
The yellow deposit when heated in tlie oxidizing flame 
chaogea its place for the same reason as the oxide of 
bismuth, and without coloring the flaiue ; in the reduc- 
ing flame it changes its position, tinting the flame with 
ultramarioe. 

Thallium melts, A-olatilizea and deposits a brown in- 
crustation, coloring either flame a brilKant green. 

Cadmidm melts readily, takes fire in the oxidizing 
flame, burns with a dark-yellow flame and brown fumes, 
and deposits on the coal near the assay oxide of cad- 
mium. Thb exhibits its peculiar color best when com- 
pletely cold ; it is reddish-brown, in thin layers, orange- 
yellow. The deposit of oxide of cadimum mayj since 
the oxide is easily reduced, be volatilized by either flame, 
but without imparting to it any color. Around the outer 
edge of the incrustation the coal sometimes exhibits pa- 
Tonian titftd. 

Indium fuses readily, forms in the oxidizing flame a coat- 
ing brown while hot, and yellow when cold, and which 
touched with the reducing flame colors it blue. 

Zinc fuses easily, takes fire in the oxidizing flame, 
boms with a very luminous, greenish- white flame and 
dense white fumes, and gives the coal an incrustation of 
oxide. This is rather near the assay ; while warm, yel- 
low, and when completely cold, white. Heated in the 
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oxidizing flame it glows, but is not volatilized because it 
cannot be reduced by the heated coal on which it rests. 
Even in the reducing flame it is volatilized but slowly. 

Tin melts without difficulty, and in Ihe oxidizing flame 
becomes covered with oxide, which may be removed by a 
puflF of air ; in the reducing flame the fused metal pre- 
sents a brilliant surface and incrusts tlte coal with oxide. 
The incrustation is while hot, slightly yellow, and some- 
what luminous in the oxidizing flame ; but, upon cooling, 
it becomes white. It is so near the assay as to touch it 
on all sides. It cannot be volatilized, 

MOLYBDBSUM, in metallic form, cannot he fused 
belbre the blowpipe, but when heated in the exterior 
flame gradually oxidizes, and covers the coal, at a little 
distance from the assay, with molybdic acid, which is 
deposited in some places, especially nearest the assay, in 
transparent, crystalline scales, but elsewhere in a pulveru- 
lent form. The deposit has while hot, a yellowish color, 
but on cooling becomes white. The crystalline scales 
are best produced, by heating the assay as far as possible 
from the point of the blue flame. The pulverulent mo- 
lybdic acid can be driven about by either flame, but the 
place which it leaves appears, after it is completely cold, 
dark copper red and has a metallic luster, from oxide 
of molybdenum, which is formed by the reducing effect 
of the coal on the acid, and which is not volatile. In 
the reducing flame, metallic molybdenum remains un- 
changed. 



Hosted by Google 



TEST ON CHARCOAL. SI 

Silver, held for sometime in a fluid condition by a pow- 
erful oxidizing flame, gives a very slight deposit of dark 
red oside. In combination with a small quantity of lead, 
there appears, first, a yellow deposit of oside of lead, but 
afterwards, when the silver contains less lead, it colors 
the coal outside the yellow crust dark red. If the 
silver contain a httle antimony, there appears, first, a 
white incrustation of oxide of antimony, which, if the 
blowing be continued, becomes red. An alloy of silver, 
lead and antimony gives, afber the latter metals are mostly 
volatilized, a copious, carmine red deposit. Such a 
deposit may also sometimes be .obtained by heating alono 
on charcoal a rich ore of silver. 

Sulphides, Chlokimb, Bromides, and Iodides of 
THE Metals. — In assaying with the blowpipe, not only 
are pure metals found, which being somewhat volatile, io»j 
be detected by the incrustation which they give the coal 
when sublimed, but there are also compounds which 
deposit a white crust upon the coal, that may be driven 
off by the oxidating flame, and very ofteji resembles 
closely a deposit of oxide of antimony. Here belong of 
the sulphides, those of potassium and sodium, which 
while forming from the sulphates in the reducing flame 
on coal, yield a white, and not very volatile incrustation 
of sulphates, produced by the reoxidation of the volatil- 
ized sulphides. This, however, does not occur till the 
sulphates have sunk into the coal, and given off their 
oxygen. Sulphides of potassium being more volatile 
than sulphides of sodium, the former are deposited earlier, 
and in greater quantity than tJie latter. This deposit, 
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when touched by the reducing flame, disappears, impart- 
ing to the flame, when consisting of sulphate of potassa, 
a bluish violet color, and, when of sulphate of soda, a 
reddish yellow. Sulpliide of litliiuui, formed by the 
reduction of sulphate of iithia on coal, is also volatilized 
by an intense heat, but more difficultly than sulphide of 
Bodiuin, and gives, instead of a pure white, a greenish 
■white, thin crust, which touched with the reducing flame 
vanishes, coloring the flame eaimiiie red. The sulphides 
of lead and bi.-muth also belong here. Each of these 
aulphidc.", both in the oxidizing and the reducing flame, 
affords two different deposits of which the most volatile 
is white, and is a sulphate. When these deposits are 
heated in the reducing flame, that of lead disappeais, 
communicating a blue tinge to the flame ; that of 
bismuth vanishes, but does not color the flame. The 
incrustation nearest the assay consists of the oxide of the 
metal, and may be recognized from its color, both while 
hot and after cooling. There are indeed several other 
sulphides of metals which incrnst the coal, when thor- 
oughly heated before the blowpipe, with a more or less 
abundant white deposit, ex. gr. sulpliide of antimony, 
sulphide of zinc and sulphide of tin ; but the deposit 
consists only of tlie oxides, and is in the osydating flame 
either volatile or fixed. 

Among the chlorides of the metals, several possess the 
property, when heated before the blowpipe on coal, of 
volatilizing and depositing a white incrustation, viz : 
the chlorides of potassium, sodium and lithiurn, after 
sinking into the coal in a fluid state, volatilize and give 
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a white deposit near tho assay, (cliloride of potassium 
yields tlie most abundant, and cliloride of litliiiim ihe 
least, wiiicli also iiif^tead of being pure white, is grayish) ; 
chlorides of ammonium, quicksilver and antimony, 
irhioh volatilize without melting; chlorides of zinc, 
cadmium, lead, bismulh and tin, which first melt and 
then afford two incrustations, viz : a white, volatile one 
of chloi'ide, and a less volatile one of oxide. These in 
the reducing flame disappear, a part of them with a col- 
ored flame. That of chloride of potassium is bluish, in- 
clining to violet, and that of chloride o£ sodium, reddish- 
yellow, of chloride of lithium, carmine red, and that of 
chloride of lead, blue; the remainder do not color the 
flime. Chloride of copper fuses and colors the flame 
intense ultramarine. If the blowing he long continued, 
it may he observed that one part of the assay is lolatil- 
ized with white fumes having a strong odor of chlo- 
rine, and another deposits on the coal three rings of 
different colors, of which Ihe one nearest the assay is 
dark-gray, the next dark-yellow to brown, and the third 
bluiah-white. In tho reducing flame a portion of these 
may be made to change position, coloring tho flame at 
the same time ultramarine. 

Of Ihe bromides and iodides of metals which appear 
on coal very similar to the chlorides, should be particu- 
larly noticed here the bromides and iodides of potassium 
and sodium. These melt and are absorbed by the coal, 
and are then volatilized with white fumes, a part of 
which forms at some distance from the assay a white 
crost on th^ charcoal. This when touched with the re- 
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dncing flame disappears, the bromide and iodide of po- 
tassium coloring the flame bluish, inclining to violet, and 
bromide and iodide of sodium, reddish-yellow. 

4. — Test in the Plstikum Forceps. 

It having been settled by previous experiments that 
the assay does not when heated attacl; platinum, a small 
fragment or splinter is taken in the forceps and exposed 
to the point of the exterior flame. Substances which 
attaclt platinum may be heated on coal, or, if easily fusi- 
ble, on tlie platinum wire. The object is not only to 
determine the Visibility of tbe assay, but also the pres- 
ence of certain substances which under these circum- 
stances impart more or less distinctly a color to the blue 
flame of tlie blowpipe. Some substances impart a yel- 
low, others a violet, carmine red, green, or blue color. 
Plattner, in his work previously (quoted, gives on thi» 
subject the following particulars r 

Yellow.— Soda and its salts, wlien fused on the plat- 
inum wire in the point of the blue flame, possess the 
property of increasing the size of the exterior flame, 
and coloring.it intense reddish-yellow. This reaction is 
not prevented by the presence of a large quantity of 
other salts, whose bases also color the exterior flame, 
though not so intensely as soda. For the appearance on 
coal, see page 32. If a small splinter of a silicate con- 
taining soda be ignitt-d or fused in the point of the blue 
flame, it increases more or less the outer flame, according 
as it is more or less fusible and contains moro or leaa 
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Eoda, tinging it at tlio same timo reddish-yellow. If 
tie blowing be long contiDued, this color remains un- 
changed, or becomos more inteose. 

Violet.— Potassa, Csesia and Rubidia, and most of 
their salts, except the borate and phosphate, when 
fused in the point of the blue flame, color the exterior 
flame distinctly violet. If, however, the ealt be mixed 
with only a very minute quantity of a salt of soda, the 
reaction ia so changed that while near the assay a slight 
violet tinge may be perceived, further from it appears 
the intense reddish-yellow of the soda. 11' the mixture 
contain several per cent, of a salt of soda, the reac- 
tion of potassa is wholly suppressed, and only that of 
soda can bo perceived. The reaction of potassa is also 
prevented by the presence of a small quantity of a salt 
of lithia. For the appearance of some salts of lithia on 
coal, see page 32. 

Many minerals containing lithia and fusible in the 
point of the blue flame communicato a red Color to the 
exterior flame. This is especially true of the micas from 
Altenberg and Zinnwald, which color the outer flame 
very strongly ; this color diminishes, however, in inten- 
sity, as soon as the thin strip is melted to such an extent 
that it can no longer be kept perfectly fluid in the. flame 
of the blowpipe. There are also minerals which give 
along with the red of lithia still another color, and in 
such a manner that both appear cither separate! or 
mixed. If, for instance, a minute quantity of pulverized 
triphyline, (phosphate of lithia, iron and maganesc), bo 
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fused on Ihe platinum wire in the blue flame, there 
appears in the outer flame a carmine-red streak from 
lithia, surrounded by a green flame resulting from the 
phosphoric acid. In the forceps this is difficult to 
observe because the tripbjline is too easily fused. If a 
small piece of omblygonilo from Cursdorf, which consists 
chiefly of phosphates of lithia and alumina, be fused in 
tho forceps ill the point of the blue flame, there nppeara 
in the estcrior Bame a yellowish-red streak, wliicli ia 
surrounded by a reddisb-yellow flame resulting from the 
prasence of soda. Thi^ color continues as long as a 
portion of the assay is kept in a fluid state. 

Silicates containing lithia, which alone impart no red 
tinga to the exterior flame, do eo, according to Turner, 
■when melted with fluor-spar and bisulphate of potassa 
on the platinum wire in the point of the blue flame, as 
will be explained in section 8. 

Stroniia. — Chloride of strontium fused on the pla- 
tinum wire in the point of the blue flame produces in- 
stantly an intense red color in the outer flame. 

Many other salts of sirontia, ex, gr, carbonate of 
stroDtia, (strontianite), and sulphate of strontia, (cceles- 
tine), when exposed to the point of the blue flame in 
the forceps color the outer flame at first slightly yellow- 
ish, but afterwards carmine-red. The presence of baryta 
prevents the reaction of strontia. 

LtME. — Chloride of calcium tinges the exterior flamo 
red, though not- 80 intensely as chloride of strontium. 
Most pare calcites as well as massive carbonates of lime 
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produce at first a feeble yelioirish color in tlie exterior 
flame, but afterwards when the carhonic acid is driven 
off, a red, which is, however, less intense than that from 
strontia. The presence of baryta prevents the reac- 
tion of limo. FJtior spar, while fusing, colors the 
outer flame as deep red as calc-spar. Gypsum and 
anhydrite produce at first only a feeble yellowish tingo, 
but afterwards a rather intense red. Phosphate and 
borate of lime do not give a red, but a green color. 

Of the silicates, none afford the reaction of lime ex- 
cept table-spar, which imparts to the exterior flame a 
slight reddish tinge. 

Green. — There are seven substances which color the 
exterior flame groen, viz: baryta, molybdic acid, oxide 
of copper, tellurous acid, phosphoric acid,boracic acid 
and thallium. 

Baryta.— Chloride of barium when fused on the pla- 
tinora wire produces in tlie exterior flame a green color 
which at first appears only light-green, but afterwards 
becomes an intense yel!owis)i -green. The color is moat 
beautiful when only a very small quantity of the salt is 
used. Carbonate of baryta, (witberite), and sulphate of 
baryta, (heavy spar), when held in the forceps and 
strongly heated in the point of the blue flame also tinge 
the exterior flame ycUowish-green, though not so deeply 
as chloride of barium. The presence of lime does 
not prevent tlie reaction of baryta. For instance, 
baryto-caleite, consisting of carbonates of lime and 
baryta, causes in the exterior a greenish-yellow color; 
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if, however, tlio blowing he long continued, it may be 
perceived tbat the point of the flame is also somctimea of 
a reddish tinge. 

MoLYBDic Acid. — Molybdie acid, or oxide of molyb- 
denum, when attached to the moistened platinum wire 
and ignited in the blue flame, cplors the exterior flame 
bluisli-grcen, exactly like baiyta, molybdie acid at the 
same time Yolatilizing. If a thin scale of natural sul- 
phide of raolybdenum be held by the platinum forceps 
in the point of the blue flame, it does nqt fuse, but im- 
mediately imparts to the outer flame a yellowish- green 
tinge, resulting from the molybdie acid formed by its 
oxidization. 

Oxide oe Coppek. — Oxide of copper, alone as well 
as in combination with certain acids which do not them- 
selves give a colored flame, for instance, with carbonic, 
acetic, nitric and sulphuric acids, coaimiinicates to the 
exterior flame an emerald-green color. MetalHc cop- 
per, when heated on iioal in tlie flame of the blowpipe, 
is easily oxidized, and then tinges the outer flame emer- 
ald-green. The iodide of coppjr causes also a very in- 
tense emerald-green color in the exterior flame. Ores of 
lead containing copper color the outer flame in tlie cen- 
ter blue from the lead, (see below), and upon the out- 
side, especially near the point, emerald-green. Sili- 
cates containing copper, when heated in the forceps with 
the point of the blue flame, sometimes impart to the exte- 
rior flame a very intense emerald-green color, ex. gr, 
3e, and chrysocoila. 
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This color is also produced by those in -vrhich the oxida 
of copper eonatitutes an unessential, and only the col- 
oring part of the mineral, ex. gr. turquoise. 

Tellurous Acid. — Telluroua aoiJ, suspended on the 
moistened platinum wire, and heated in the point of the 
blue flame, melts, gives off fumes and colors the exterior 
flame green. If the tellurous acid, deposited on coal 
from heating an ore of tellurium, be touched with the 
point of the blue flame, ic vanishes with a green, or 
when suleninm is present, with a bluish green flame. 

Phosphoric Acid. — According to Fucha and Erd- 
mann, phosphoric acid, phosphates and minerals contain- 
ing phosplioric acid, sometimes alone, and sometimea 
after being pulverized and moistened with aulphuric acid, 
impart to tlie esterior flame a bluish green color. This 
reaction is so reliable that with suitable care very minute 
quantities of phosphoric acid may be detected in miner- 
als, when a little of the paste, formed by moistening 
the powder of the mineral with sulphuric acid, is taken 
on the platinum wire and exposed to the point of the 
blue flame. The same is fi'ue also of compounds, which 
from containing a large admixture of soda or other in- 
tensely coloring substance, do not alone give the reac- 
tion of phosphoric acid. If the salt contam water, 
it must first be driven off by heating on coal before the 
blowpipe, and then the anhydrous substance pulverized, 
moistened with sulphuric acid, and exposed to the blue 
flame on the platinum wire. If soda be present, tlie 
outer flame is tinged very distinctly bluish green at tlie 
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40 TEST IN FOECEPS, 

aioment the phoaplioric acid is liberated hy the action of 
tho sulphuric acid, bat afterwards asatimes the intanae 
reddish yellow of the soda- As the bluiili green lasts 
in some cases but a short time, it must be observed 
whether the outer flame is colored bluiali green or not, at 
the instant the assay is touched with the point of tiie 
blue flame. Phosphate of lead as well as pyromorphite, 
heated alone, tinges the edges of the blue flame of oxide 
of lead with a permanent green. 

BoRACic Acid, — Both natural and artificial horacic 
acid, when melted on the platinum wire in the point 
of Ihc blue flame, impart to it a deep yellowish green, 
(siskin-gieen.) If, however, the acid be not perfectly free 
from soda, there results in the outer flame a. green color, 
which is more or less mi-ted with yelbw. Borax alone 
produces iio green, but only the yellow of soda. Anhy- 
drous borax, however, when pulverized and moistened 
with sulphuric acid, and exposed to tlie point of the blue 
flame, gives for a short time an intense green, which 
changes to yellow as soon as the salt is decomposed and 
the free sulphuric acid expelled. Mijierals contaiaing 
boracic acid, when heated on the platinum wire with 
the point of the blue flame, after being pulverized and 
moistened with sulphuric acid, almost all coinmuni- 
eate to the exterior fiame a green color. Another and 
very reliable method of detecting boracic acid in miner- 
als fi'om the siskin greea color of the outer flame has 
been proposed hy Turner, and will be found in section 8. 

Thallium. — Substances containing thallium, wbea 
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strongly heated, color Ihc flame bright green, which is 
changed to yellow and thiia obscured by the presence of 
much soda, 

Blde! — There are some substances which when igni- 
ted or fused in the inner flame, color the exterior flame 
blue, viz: arsenic, aalimony, lead, indium, selenium 
and compounds of copper with chlorine and iodine. 

Aesenic. — Metallic arsenic and the arseoidcs of 
those metals which do not comtnunicate any color to 
the exterior flame, as ex. gr. copper-nickel, cabaltine, 
Ac., &c., when heated by the blue flame on coal, are 
surrounded by a blaze of a light blue color. If the 
incrustation of areenious acid deposited on the charcoal 
be touched suddeuly by the blue flame, it beijig rery 
volatile may be distinctly observed to disappear with the 
same light hlue blaze. Wlien arseniates whose bases 
impart no color to the exterior flame, as ex. gr. nickel 
bloom, cobalt bloom, iron sinter, &c., am exposed in 
the forceps to the blue flame, they communicate an in< 
tense light blue to the outer flame. In maoy cases a 
blue color appetu^ even when the base possesses the 
property of coloring 'the flame, as ex. gr, alternate of 
lime, (pharmacolite.) 

Antimony. When metallic antimony is fused within 
the blue flame on charcoal, the fluid globule of metal is 
surrounded by a scarcely perceptible blue blaze ; but, 
if the resulting white crust of oxide of antimony be 
touched Vith llie blue I]s/i-:e of the blowpipe, it disap- 
pears tinging the flame 2rc<3iiisli blue. 
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43 TEST IS THE BORAX BEAD. 

Lead. — ^Wben metallic lead is melted on coal within 
the blue flame, the fluid metal ia surrounded by a blaze 
ef an ultramarine color, and the coal is inerusted with 
©xide of lead. The oxide of lead may be driven by the 
blue flame from one place to another, tinging tlie flame 
at the Bame time with blue. Salts of lead, whose acida 
do not tliemselves impart a deep color to the exterior 
flame, communicate to this an intense ultramarine, when 
fused with the point of the blue flame, either on tho 
platinum wire or in the forceps. 

Indium. — Compounds of indium color the flame blue. 

Selenium. — If eelenium be melted on coal in the blue 
flame, it volatilizes, coloring the flame intense ultra- 
marine. A deposit of selenium on charcoal presents 
the same appearance in the reducing flame. 

Chloride op Copper. — Natural or artificial chloride 
of copper, ignited on tlie platinum wire in the blue flame, 
tinges the external flame at first inlense ultramarine, but 
afterwards green from tho oxide of copper foraied. 

Bromide op Copper. — Bromide of copper, treated 
in the same way aa the chloride, colors the flame at first 
greeniah bine, but afterwards imparts the green of oxide 
of copper. 

5. — Test ix the Boras Bead. 

Since this test Berves especially to detect tho oxides of 
metals, it is of the first importance that, if the substance 
to be examined contain unoxidized metals, it should be 
roasted to oxidize them. Metals combined with sulphur, 
xraenic, &c., are not only difficultly soluble in borax, but 
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TB3T IN THE PHOSPHORUS BEAD. 43 

present appearaneea differing mpre or less from those of 
the oxides. The roasting of the pulverized Bubstance 
may be performed on coal or in a glass tube. It must 
be repeated several times to produce the most complete 
oxidation and volatilize perfectly sulphur, arsenic, etc. 
Before every new roasting the substance must be ground 
in au agate mortar. Sulphides and arsenides of metals 
may be advantageously subjected to alternate oxidating 
and reducing roastings. The latter are effected by mix- 
ing the pulverized assay witb coal or plumbago powder, 
and then heating it in a glass tube or on charcoal. The 
same directions apply to the next test, 

6. — Test in the Phosphorus Bead. 

In this case, as in the preceding, it is important to 
observe accurately the colors which the beads present 
while hot, while cooling, and when cold, both in the 
oxidizing and reducing flames. Beads, in which certain 
Bohstances are dissolved, possess the property of becom- 
ing cloudy or opaque, when tjreated with an intermit- 
tent flame, Tliis process is called flaming. The same 
result may also generally be produced by a slow and 
gentle heating of the previously cooled bead. The 
clondiness of the bead is also often caused merely by the 
addition of a larger quantity of the assay. 
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TABLE I. 
1. — OxiDiziHa Flame. A. — Borax. 



COJMBS t 

IB! Beads. ^ 



Oilile i>C Lanthar 
Oiidt or Stiver, 
Ciilnmbto Aaid, 

NIabiQ Auid, 



TuugsCIo Aoiil, 
Holy tut Id Add, 
OiidB or Zinc, 
OiUlBotCadmin 
- iB or Indium, 

diidet-"-' ■■' 



lorThalllnn 



lis" 
lis 



TiUmio Aciif. 
Tani^dQ Add, 
Mulylidio Acid, 



tt 



Oiido of 



TLtenlo Aoid, (yellow). 
Tunintla Aold. |y«llo»), 
lolyhdlfl Acid, (dark- 
yelKiTi),) 
- Oiidoot ZlQO, (illghtly 
fellowliL). 



.Ox Ids 



Cidm! 



' (sllEl'tly yellowlahl, 
"-'ilo of Lad, (yolluw), 

lie or Blsinuth, (red- 

ih yolloir). 
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TABLE L— CONTINUED. 
—Oxidizing Flame. A. — Boras. 



Colors ot 


SdBSTJRCBB which EXaiBIT TBSSE COLORS. 


TBE Beads. 


M We Hoi Bead. 


In the Cold Bead. 


Rtd, vtllow 
er purple. 


Oildeof Ceriom, (red), 
Oxldeor Iron. (d«k red). 
OxidB of tJnnlum, (red), 
Vanadle Aold. (yellow), 
Oiine of (^bromlum, 
(dfttk-red). 


OxtdeofCor1o™,(byflamii.s, 

enamel-wbite). 
OiidB of Iron. (yBllow). 
Oxide of Uranium, (by lla- 

minu, enamrf-yollow), 
VaaHdio Acid, (yellow). 
Oxide of Niokel, (reddi.h 

brown), 

InellnedtOTlotet). 


JnulkyM. 


Oxide of NioTtui, 
Oiide of Dldymlum. 




Blue. 


Oxide of Cobalt. 


Oxide of Cobalt, 

Oxide of Copper, (bine to 


«,.„. 


Oxide of Copper. 


Oxldo of ChromruDO, (Inellned 
toyeUow). 
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TABLE I.— CONTINUED. 
2. — Rbducihg Flame. A. — Borax. 



COLOBB OP 


Substances nr 


iC„^«iB-T™«C0I.»,. 




TDK BEADB 


In the Hoi Bead. 


InthtCotdB,ai. 




StliCB, 

OxIdBofTln, 
Baryta, 

Ltoie. ' 

SSff,' 
KS., 

Thoria, 

Oxide of Lanthanum, 

Oxide of Cenom, 

O-oIuinble Add, 

Oxide of Didymiiini, 

Oxide of Mani^uneae. 

MiobioAoia.iB ,maU qumtity- 


Billea, 
OxT^SfTin. 


CalBvtesi. 


Baryta, 

sr 

Ma^esla, 

Zirconia, 

Oxide of Lantbanum, 
Oxide of Cerium, 
Columbia Acid. 


i 


Osidoof Dldymiom, 




MobloAcld,(».»io« ja 


.„■„. 




Oxide Silver, 
Oildeo Zlno, 
Oiidao Oudmiam, 

8:3-?Hr.'. 

oildeo Blimol"' 
Oxide Andmoay, 
Oxide otSiuliel, 
TellnruaaADld, 




Oxide of Silver, 
Oxide of Zinc, 
Oxide of Cadmium, 

SxldlofK."' 
Oxide of Thalliam, 

Oxide of AnltDiaqy, 


i 


YiUaaU 


TltaiiloAo.d, 
VBuadloAcid. 


TttanloABld, 
Tungsllo Aflid, 
Uolybdia Aold. 


Blut. 


Oxide of Cobfttt. 


■UtanloAoid-J f^^^ 
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TABLE L— CONTINUED. 
2. — RKDUCiNa Flame. A. — Borax. 



COLOBB OF 



Oilda or Cbromiam, 



Oilde of ( 
Olid a of 1 
OiMe of 1 



Oxide aC TroD, (hattle-greeu). 
ilde or Uhrumiuni, (eiaBTBld- 
aaadi<:Aold,{ememld-STeeil)- 



Iff 



(Bg Imgcm 
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TABLE I.— CONTINUED. 
-Oxidizing Flame. B.— Salt of Phoephortis. 





s™,^o„. 


.,..„™,....C.LO... 




THB BeAIS. 


In lie Hoi Bead. 


In a. Cold Bead. 




m\es.ivtry Utile uUbU.) 
Alumina, .—. 
Oilde of Tin. H 
T«llurouiAoid, 1 
Barjta. " 
Strontia, i 
Lima. Kb- 

SS.f ■ ^« 

sS- 1 

)iid"''or LanOianuin, ■ 

Nlobio Add. 


Silica, (t«r^ liltit lotublt.) 
Alnniina^^^ 

Teiluroua Ao'id, 


Cetorto.. 


Baryta, 

Mssneaia, 
tilucina, 
Yltria, 

tK^"' 


1 




Columbic Acid, 
Titanic Acid. 

Oilda of Oadrnfum, 
Oxide ol Indium, 

ssrissi,.., 

Oiida of Bleinath. 
Oilde of AnUmony. 


i 


Oxide of Uerium. 






NiobloAold, 

Oilifiot Zinc,' 
Oilde of Oadmium, 
Oxide of Indium, 
Oxide or Lead, 
OiiduofThallinm, 

Oxide of Antimony. 


Yeltaw, red 
tith ycUov 


ColQmlilD Aold, 
TIUDiO Acid, 
TunKStia Acid, 
Oildaorrauo, 
Oiida of Cadmium, 
Oilda of Lead, 
Oxide of Ulsmuth, 
Oilde of Antimony. 




Oiide of Silver, 

oilde of H^k'el. 

Oxide otUiuium, lyellov^ 

Vanadio Aold, ""'" 


mUhh 
►rawn. 


Oilde or Silver, 
Oilda of Cerium, 
Oilde of imo. 
OiideurKlekel, 

Oilde nf Uranium. 
Vanadte Acid, 
Oxide of cnromlam. 
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TABLE I.— CONTINUED. 
1. — Oxidizing Flahe. B. — Salt of PflOsPHoitns. 



CoLOBS or 


SOBSTAjrCEB WHICH EXHIBIT IHISK COLOBS. 


THl BBAPB. 


In Me Hot Btad. 


I. H. COW B«i, 


CaloT if 
Jmethyit. 


OitdeorDidjmium. 


Oxide of Mansaneae, 
Oildoof Dldymluto. 


Blue. 


OildB of Cobalt. 


Oitde or OobHlt, 
OiW8orCo|.psr,«»9r««&* 


„.,.. 


Oiido of Copper, 
UolfbdloAold,! yellBicM sT*tn 


Molj'bdlo Aold, Itliglt yiUea- 
OMe of rttinlnm*'^p(oii^ 
Oilde of ChromfJI'iSr {misM/d 
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TABLE L— CONTINUED. 

2. — ^KBDTJcraa Flame. B. — Salt op Phosphorits. 



Colors ( 
TBH Beads. 



Oxide of Ln nth an am, 



It 



Ttlloa to 
foed-rtd 
aadiroan- 



OxWo or Iron, {rrd}, 
■ntnniQ Ai-UI, (atiiow't, 
TitaniB Auld, 1 ooDtalnlns 
"""nbio *oiil, Mron.fMooifc 

inmttii ^elri. j r«t). 

.nadio Aotd, (ftruuinisR). 

ids of CbTOiulam, (reddtii), 



iAold,(contnlnineIron). 
io Aold, " " 
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TABLE I.— CONTINUED. 
2. — RBDOCiNa Flame. B. — Salt op Phosphorus. 



COIOBB or 


b™™..,..™.™.„ „...»„„. 


THB BBiM. 


In ihe Hoi Bcfi. 


7n -(Ae Com Bead. 


yioiit. 




NIoblo Acid, (.1. /a'ge qunnlifj.) 
.Titaoto Acid. 


Bl«€. 


0>We of Cob.lt, 
TuniEtio Add ' 
Niobio Acid, ((nvnu tarse qum 
iily ) 


Oxide of Cobnlt, 

Niobio Add, (in very Iwgiquan- 
("SO 


arttn. 


Oxide of nraninm, 
MoljbdioAoid. 


Oiide ofxrrsnlum. 
McdybdlD Acid. 
VaoadioAold, 
Oxide of Chromlnn. 


Ctas and 

,„■:•■,£.■ 

!■(« eftea 
bewt is coo/ 


Pstde of Silver, 

OxWo uf Lead, 
OsldaotBUmutb, 
OildBof AiHimonr, 

Teiluraiu Aold.' 






Oride of Copper. 


Oilda of Copper. 
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TABLE n.— BEHAVIOR OF THE METAL- 



iletalUc OxUa i« 
Alpkabttie Ordtr. 


OHCiarcaalalBne. 


mtt Carbmtalt afSmtci 


1. Antimosi- 
ous Acid. 


OFl: It is displwwd 
wltbuDt eliange, and de- 
pofiwd upuo another pari 

Ib'ii" Wn'e" ol!io'° tS|«Md 


du™d*h."'?l'^%FL 
The metal nimesand coats 
the Ch with antlmonioui 


2. Aesenious 
Acid. 


Volatile below red heat. 


On Ch rertnoed, with 

fiSiBL^ihloh are oharac 
teriiud byaBtruDg gaille 
odor- 


8. Teroxide 
OF Bismuth. 


OFl : On plalinum toil 
it fuses readily toadart- 
bruwn mass, which oa 
onoling beooniBS paleyel- 

°0n Ch In OFl and KFl 
reduced tn diBtBllio his- 

l'tlrihB"'Ch''^"trye°l'l«w 
oildB. The Ct, when 
luuchod wiHi tlie RFl, 
duappeari nithont color- 
ing tUB flame. 


Easllr reduoed to me- 
tallia bismuth. 


4. OSIDB OF 

Cadmium. 


on. On platinum toil 

RFl : On Ch tt diiap- 

SbJmIW "al'l ove "ofe'^Ch 
a nark yellow or raddieh 
brown powder; the e«l- 
or can only be elewly 
diaoerned alter oooUiig. 


OFl ; ImolublB. 

RFl: On Ch readily re- 
dneed; the oietiil rspor- 
liei and deposits n dark 
yellow or reddlih brown 
CtonthBCh. 
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Lie OXIDES BEFORE THE BLOWPIPE. 



S Ph OB rtaimum 



OFLi Dissolres in la™ quanti- 
ties tu It limpid g\aia. nliiali nhllis 
IiutHppearayelluwlili, hul lifter Quol- 

W: ThHglasawliiintreatedonly 



ao,l oU>iiily fruui imit- 
■«A antiiDony. Willi 



to n limplil lilH^, will 

IB sliihlly ysiluwiiih. 

-Tl. OnCli ■ 



ut very lUcle nniliui 



OFl; A small qnaotltv la ensllf 
dlMiilTed ti> a olonr yallun. ula-li 
vhioli nn uiKiling beratnM goIutIms. 
Ou H lHr";B Hdnltliin <if oxide tlia 
Klaas nlille l>i>( la yelliiwjsh red, he- 
euinei y«ll»w im cvoltng, oiul wben 

RPI; Oil cii liie elaai hMnmn at 
flni K'tty lu'rt or^ '- '■■ — ■■- — 



OFl; Readily dlssnlved lo a lim- 
pid yBlluw glHaa uhhili un cihiIids 
iweiiiuei colurlex. When a uraalut 

quantity or oxide- la iimH-nt tba 
KlHHP may lia inade eiiBniiil'iiliite by 



ijlsjily niiunited It inny^a uiadi 
BDAinal'Wliite ly flumlii^, and wliei 

comae by Itsel? ensmal-wliite ai 

""Rplf Placed on Ch it filter* inl, 
etiullltlon I tlie oxide la renuced 
the reifueed metal cuunrizsHimmeiil 
atelji aod dopusita a dark yelluir Ot 



RFI I Od Cli tlie oildo beootnvi 
sluwly and luiparlbolly reduaad. 
Tlie reduced luetHl 'leimaltii a irery 
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TABLE It— CON- 



MttalHe Oxida in 


On«.™.«.n. 


mih Carliimalt of Sada. 


5. Sesquiox- 
IDE OP Ce- 
sium. 


Ifot ibinged. 


Ins-lnbla, TheSdpB-aeB 
nit> the 1 h ; (lie s^jqm.ix- 

«ine'i™re"™m'""n"'thB'' Ch 
ua iL ligliO gniy uuwdct. 


6. SB5QIIT0X- 

IDE OF CUKO- 

MIUM. 


Not cbnngsd. 


OFl: Unpl,tinum "ire 
aiiliitiletiMiclnrkyBllowixli 
hruuuKlHs?, whidiuncu<>l. 
ns htouiuca opjqua iiQj 
yeli.m, 
ni'l; Tlie jfln^ beconiet 

reilUL-ed tii invNIi (he iM 
,ii8.iwi..tutliBCli.i.inl the 


7. Oxide oe 

Cobalt. 


m«ul. bat dnea m.c tnto: 
iminet, imd, 1./ friuMun, 


OFl ; On pUlinum wire a 
vEij' EgiHll qnantity la ilin- 

m'iwi<rn|>nl«ra<l<lb<V> c>1- 
>r, -Iroh . D Buulini: b;- 

ei(iyiii«Knotlopgnaer. 


8. Oxide or 
Copper. 


OFI: FuSM U ft Wact 

iinoB.!' where IC la influnliiitt 
^mitheVli. 

RH; KaitDceit to nintil 
It ft teinr^n""" '■e'"" tl" 
rneltin* |)'>lni; of uuppBr 
iVhen the Lent is iiierBiiaari 
I Kli'hDie of meUllic cap 


OFl, On platlnam oire 
•nhihlo to nl>ll<| 11 el'")"' 
;riien o-ilori oii uimlliiicll 
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WM fljr on Plalman 






: Ainith Bx.btit oi 

' RFU ParfuctI/ colorlesa, 
. »lil. Never beuumeiopHqu 
II in£, boirevvr Inrgs Clia auiui 



OFl; DIjsolres .but «1owly. .. 
floU.ni Intnastvalv-. If little <if tile 
oxide Ituresentitlieglnstf, wlillalioC 
U ralloir, when nuU, ycllonifli 



I Bnlubia lo t, licnpld elan 



1. The intensity of Uie 



OFli Colors very inlansiV 
ThBslaaa aiiiiBiire |iure "mait-lAun, 



OFl: A«wlthBr,h( 



greenish blUB nhen cold. 

itE'l . A ^t&M ouauiniDg a oerUln „ 
quantity oi uxide beODinea oulorlesa. ^ 



; A glaas cDntaloinga larga 
Id tliu inouicnC uf witl^iaea^ 



sad opuque. 
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Table II.— CON- 



Atph^etieat Order 

9. Teroxide 
OF Gold. 

10. Oxide oe 

ISDIUM. 



11. Sesqtiiox- 
IDE OF Iron. 



OFl; Not oImn?*i!. 
KFl; BeoutneB lilaok and 
magnetio. 



On CAorcmt alaitt. 



leni.trtlwDl.e li. . . 
iDt la eiislly reduoad. 
til flnmei. Tlia meUI 
rend I ly t(i * sluliute. 



OFl^InTOlulile. 
RR= OnChitiBredi 

enKrtiy miched wHl 
DIj pai ticlSM. yields » i:r&}' 
I tlie m^Det. 



12. BiNOXIDE 

OF Iridium. 



OFl : Roep Of 
'lie Sd, hai 

le ftised lo ft xl 



13. Oxide or 
Lead. 



MinlDm. nhen heated on 
lutluiu rull. tilnabens; iin 

olianssd Into yelluir oi 
,e, wbloti Bnally Diaei lo « 

On Oil in OFl ftnd RFl 
liuiiit inslanlane<>u-ly 
fM\ Ui metnl wbloli. i 



M<<1 efnBS whicti, on euul- 
in:c, liiiauiDeB yelloniah and 

lSl:'On Ch roduoed to 
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ma fi» en Plalinjon Wirt. 


,»..„..„.,„.»,.,. 


Ai with Carbonate of Soda. 


Ai with Carbonate of Sods. 


Bead enlorlesa, after flsmlns gray 
andopnqnc. 


I^uiid^'"''''' *""" ^'"^ "''*'* 


OFl: A iranW amoont at oxidt 
«>UW1 the el»^ to Iwh -yallun 

When more of tl.t. oxide 1» prewnt 
Uia Elaxa. while lint, xupears red. 
and yeilow. nrfaen cnli A atlil 
Iar)Eer quantity inaliea the ehix- 
dark red. wliile hut, and ilarlv 

'Vr;''Th8°*^i2ra heoomes botlit 
BTeen. Tre«t«l ou Ch with tin li 
beeomes, at llrat. fautcle-^reeu, but 


Otl. When at a oerlalnuolutut 
atnration the slaaa, while hnt, 
tppeara yellowisb r«i, and b«c uui 
m eooUng at Brat yellow. Vmn 
creenish and, flnaliy. Dulorlei<g. On 
<. tery )ar{M addliioa ^m'''' '» 

ii'j!%T'wi'l'l'nV''bn™n?eh nA^^k 
if a dirty green Oolur, and Anally 
.ro-ni»h r*i. 

>r the oxide luirors no iislhlo 

a pwaent it 1» red. white hot. and, 
in ooulinKi heoomos at flrst yellow, 

'r™t?d'*1I'ith't'n'on"cii*'thS gli^ 

ind anally onlorleM. 


As with Carbonate ot Soda. 




OFl 1 Eiiaily aoluble to a limpid 
r el low glufB vhloh, on eoulini; 

1> present. IC may Iw made oluud} 
liy Bmnini: A still lariccradditioi 
ofMldecButea the beaJ to beoom, 

nni Thea'lHaddiHua^'uselroro 
the Ch and Beounies uiuudy. Witl 
eontinued bluwinjj thx oxide t 

Mnce, and thu glass becomes cleu 
aealn. 


OFh Aa with Bx. But to ob- 
tiiin a glHas nhloii appe.>r8 yellow, 
vhlle hilt, n l»rge addition ul Ilia 
'"RFh On"ch the e1»a hec-iniei 

ion ia belter obeerveJ whun tin la 
.dded -. l>ut the glaaa len never b« 

ihe uxlde u present, the Ch beoomei 
loaled. 
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TABLE IL-CON- 



14 Sbsqtjios-J 
IDE OF Man- 
ganese. 






15. Protox- 
ide OF Me 

CURT. 



Ml"l«/ 



16. MOLYBDlC.'^j 

Acid. 



' is cryaUiJtne. Onlnn 
dSdH ihe erystala ool-l" ! 
'1^ Tlie greater part nr I? 



OFl: On plntinnni w 
■ -ves Hill] effur<e«jei 
Jitoplil iflasd Willi 



f In the lihiipe of a ^ruy 



17. Oxide OF 
Nickel. 



OFl ; Kot changed, 
RFI: On Ch reduced t 
netali Oie Bpimgy mil, 
uiiinut lie fnsert lu n t-li 

iracWd by the m^iiet. 



OFl: JnEoluble. 
RFh EiiBily redno»l 
' meliil in thi shape • if li rig 

ranied by (ho mo^neC 
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B PijIlBlBB Wirt 



OFIi Coloravaryinteinlvely. Ths OFI; A cnnV.derahlB artdltion o 
b1iuw, whilu hilt, la vUilu'- on aiK.Hiii'iiiini^»ne« inu« IwmiuL; tu [iniduo 
ft luauiiieti » reddtali linira Wheii> anliinid itlua; il tlion aiipairt 
miiDh inunxnncae Id HdJed. Ch" i^la^vhile hot, bniwniiili viulet, an 
b,]0>iii>e< qnilB bliiak and iipaque:|redillKli vinlet when did. hut nev« 

Kla«i.MhileiHiIt, lillat(«D«dirith tha'fmiiil it quaati^- or iniui)piriciia tlia 

foroeus. It appimra c.lcirluM, nn iMl.lilioii i 

RCl; TlipKlaia heoome« oi'lorlaas.liiaru will praduca Uie chatao*iltt1 



nmnanon i> hvdt ubaei ved o'n t'h nith 
addiil'raottin. 


^RFIi Baoomas vory soon ootar- 








0F1= Dia5o1v«l In largo qunnll 
lias to a limpid alMS vr.iiol.. whllo 

ou»lia<. A. vary larj^s amount of 

yallov, wbilaliut! aad ojiullne wbeu 

""iiVli A hkhly 8»tor*toi baa'i 
beniiiies brnvn and iipitqua ntien 


OFh Ei9il3- Boluble to a limpid 

™Bnt It 1. yalluwi.1. srseo. wnilo 
int. but « :ion ould aluiiist iLiJorlesa. 
Un Vh the glww bemimea very 

RKli TliB gliMd aauines a vary 
diirit. diny Kraeu color whkh, un 

jreon. Tliasamu onClii tindaepeui 
the ojlor a llttla. 


OFli A smnll quantity onlora the 
bead Tt.ilft, whilB hut; when o.ild 
jialo rBddi,.ii hr.iwn. MurB oxlds 

elundy, iir ei-aii opaque. With 
ciintinuad bb.wln;: tha mlnata 
paitlalei or.reduuod metal oulleot 
to,Cet>iaT iind. tha (cliHg beCiiiios 
oalarlftii. This tjkes mora rawlll) 

faaddad. TUe niahel then uattea 
WitliUio tin to a sloDula, 


OFI : SnlablB to a reddi.-h glasi 

111 apiioar hruiroiali red. whilo hut, 
iinil .wl.llah yelloH vr)»in c.iht. 
RFli 0,1 Plitiooiu iTiro not 

iieouiQBirwloOBil, iio^thegloaa clear 
iiiolnandcolorlBSB. 



Hosted by Google 



TABLE n.— CON- 



MttaUv: Oxide, in 
AlphabcliaU Order. 


o,c....^«. 


„.».^. .,..„. 


18. BiNOXIDE 
OP OiMIUM. 


mlD ao'id, iriiioli wi til out lie- 
pnsltios n Ot. voLatiHies 
with Ita peoaliar pungent 

^^h-. ^.Mly redoes t. 
a d»rlc hro«n Bnd inftisible 
mown 10 pimiler. 


Easily reduced to an In- 
nisitiJe inetaltio powder. 


19. Piiorox- 

IDE OF PALLi- 

muM. 


Reiiuced nt n red hent : 
hm thB melttllic parUoloa 


nta ihei:h,n,n<ileaTeathB 
I<ulladium behind. 


20. BiNOxiDi 
OF Platinum. 


LlkBPalladiiim. 


Like Palladium. 


21. Protox- 
ide OF Silver. 


Binily reduced to metil- 
11c ailrer, which unites ig 
MBOrmure^-liibulaa, 


Instantly reduoed. The 
S.1 pa«ei into the Ch. and 


22. Tellu- 
Rous Acid 


OFI : Fusee. an<l (8 re 
iluoed Blth ein.rn;B5enc=- 

rnus acid ; the Cc nsuMy 
Una n red or darlc yellow 

RFl: Asia OFh the outer 
Sftine appeuri bluish green 


Oft Ch reduced and vola- 
tilized, depo-'itin;; a Ct of 
telluroui add. 


23. OXIDB OF 

Thallium. 


Volalliea oolorlog flame 


The 0"lor of Soda ob- 
scures the Ereen Bulor. 


24. BiNOXIDE 
OP TlH. 


OFh The prololido hums 

The hi 001 Ida beoomei verj 
turaluoua and- appears 
nlillB hut. yelliifflah. but 

Ml: With a poirerru 
ani continued flaiae it may 
be red used to metal. 


OFl! On platlnam vire 

Tes'senoo,an infisible oom- 

"""rFI ; On Ch reduoBd to 
metallic Un. 
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TINUED. 



OFI and RPli Re<luowt. hot 
dtsaolred 1 itie motHiilii parti 
esuDol be tama to a ;;1ubul8. 

Liko PiUadtnm. 

OKli In part illimlvei). and la 
part red uQflrf. Oi euoling tlie x\ttai 



Like PuilBdlnm. 

OFI : loiirarts to the head 
glLiinlAh nuliir. Whan mueh uf th 
lide U present tha kIh*", wht 



Rtl. The jlasa nt Unt beonmos 
girny. but altervarda limpid and 


'S 


5!'.',„hB..' 


ori: Solahle tn & limpid and 
eolune-s slnss nhioh.nn Ch, beouues 
pnv (him rsduced in<-tal 

anerHard* oolorleu. The ' tih 
beoomee OMted with telluntiuaold 


A. with Bom. 


OlasK, Culorlasi when saluraUd, 
opaque on o«lmi;. 


Ai with Borax. 


OFI; A very emiill quantity 
dlMoi™* «1nwly to a llnipid on. 
cotorlead gla^s, which rDuislDi su 

•Yfr""pr.« . na,„ ....,.« 

jUss H part or the oiide may be 
ceduoedoaCn. 


buffora 


Thesi™. wntalnlog oiia*. 
oebnose. 
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TABLE II.— CON- 



AlpkaliiUcal Ordrr. 


o.cw-« ,,.,.. 


mll.Ca'bP7^ale^^/S^da. 


25. Titanic 

ACJD. 


OFI; Aainmea, on Seat 

DmesWljiteajjiiiu on oubI. 
n:: SuffBis no u titer 

"''RFlTABinOFl, 


OFI : On Ch It disSBlTes 
Kitli effarveMBnooto.insrk 
yellow k1">* whini< on cnol 
nioryHnlUicii. WhBnoold 


26. Tdnsstic 
Acid. 


on, Nnt ohRn-ed;«ttt 
verylitsh tcrnueralureoiin 
verted ."oWoiSb. but doe, 

RFl ; ' Blaokena. beins 
cnnverted li.W oside, buc 


OFI : On pUtinmi wire 
it disaolves^tu a liiuiiid and 
dBB)i yellSW (1«.^. whtoh 

Una amr op»iiiio, ami of 
white or vivlluwldhoilor. 
RFl, Wiih very lUtle ^ 

S", »iU'ino™8dltlBrm9|i 

rk-'IS!'tre'',whi?bpa"^rin'to 

thBCh. 


27. SESftur-. 
OXIDE OF Uba- 

NIUM. 


OFI. Infusible t but os- 

"'RFirBlMhens, owing tr. 
ihelOrmataon ofijruloxide 


OFI . Insniuhle. With a 
oeitHln ttmoant of m the 
iniun beOBtnea yelluwisli 
brown, and with more 
pa«nlntotlieCli. 
"^RFl: As In OFlj no re- 
dnotlon to metal take! 
place. 


28. Vanadic 
Acid. 


Fu'lhle. mere It l9 In 
sontaot with tho Ch It ha 

lnt.1 the Ch. The re^'t m 
Bumetthe lustco and oolo 
i>i i:rapl>it«. 


Unites to a lUslhla mass 
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nliila UuL. hut bceoinen colorlcfs ni 
onollng. WJien containinii; ti rar; 
Ur^ qanntlcj' It Is euamel'irliiu 

RF1 1 When onntalnln;; bat IHll 
tlbLnto aoiil the eIiihs ibeouine 
vBlK.w, when more. dHrk yellovr t 

enamel-blue by tiHming. 



OFI: Like titanic 



I, II hBOnme.1 yell 
, yclliiwlah hrm 



Irqn. Wlicn lili:hly eaturated tli< 
cIsHS may be mada eouinet-yettut 

RFI I Behnves like Pesquinxlde o 

oertalQ'poInt nf eatu ration, may bi 
insrts black by flaming. On CI 



Wia S Ph on Plalmi 



isFoIred tn a llmtiKl 



r, reilitens and finally 
.IfiC oolor. Ii ir.in U 



; Eully dl^snlred tn n limpid 
iDliirlexa bead. wlilDb. nhen 
' Fatarnted, supeara yellon, 
hot. 

; mth little blontng the 
nppeara, nhile hnCofn dirty 

oolnr I'luB .m ooollns: with 
: bloirlnic it beoiiinea. en cnnl- 
luish^ron. On Oli nith tin, 



103 a dirty 
. With tin 



OFl: PIssnlTOfl to 
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TiELB II.— CON- 



tt'M'ie Oiida 


In 

ier. 


o.cw,^^„.. 


»*<» Corisnaie o/ Soifa. 


29. Oxide 

ZlHC. 


OP 


OFl : When hunted he- 
wmeBrdlQW and, 00 oool- 
as, Hhite a^'aln. It TuKs 
lot, Imt b«ouioei reiy Inm- 

^pHly re-(ixl<lized and the 


OFl , Insolohle. 
RFl ; Oi. Ch It heoomes 
'edaued. Tlie nielal rapnr- 

rftii''o"ii<i^'wiih a powerl 
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R'i.-A S Pi in Plaliaum H'in 






Ai nith Bona. 



RFJj The nttnrnleit elan 

at BrsC ij:rB]' and ol<iad>', ao' 
tnini|iarent ngnin. On 
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TABLE in.— BEHAVIOK OF THE ALKALINE 
BEFOKE THE 





°"""'r:L7!"'"" 


Jfilh Carlianate of Soda 
one*. 


1. Baryta. 


The Ilfdrnle Atseo, holl? 
idtuiueai;iis, nail it finally iib 
surtied by Cha Oil. Tile Uur 
niinutu ni«Bi readlljF tu i 


FuKS with &) to a homo. 
am,ruut mnss, wliicb it ab- 
BOfUed by iliB Cli. 


2. Stron- 

TIA. 


The n3*rtrate t-ehaves likf 
hj'.tfKU i.f harj'tn. Tliefar 
iKiniiiB losea dhIj- at ihc 
ad^. and i«eUs aai 

oJiiuli emit B briJIinnC Lluhl 

an impurt'i ic iTroIldiJr 
ltti;ie I iliowx nner cuoLins 

U)|i9, oolun Ihu outer name 
luiriile. 


Canrtin Bimnlia In Ingolu 
hie The C.rtH.nat« uiied 
Willi lu uhh v.,limi« or Sd 
rusen InUi n lluiitiil giltf!, 

an ooollns;. At u gteaWr 

aiiulnibn, BnU bhusiio Stron- 
tla h furuivd, wliicti bi sb- 
wrbed by tbs Ub. 


S. Limb. 


Canstio Ltme nKTeri i 
nlunidim. Tiie UiirlHina 
i.nas Burboolo iioid, Iwsimii 

ivn'd fhona nnur e<h>Jm""" 


InjoluWa. The Bd flaww 
,una uuttllered on iw tur- 




pa^rid?"'" """■"'" ^ 




4. Maohb- 

SIA. 


rurtepgnes no alteration! 
The Cariionate hecomes tuil 


ItboharEalikoLiiDO. 


5. Alumina 


Not ehan-ed. 


Forms an infaJlHs oom- 
aUBurbedbj-tboCb. 
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EAKTHS AND THE EARTHS PROPER, 
BLOWPIPE. 



,r».>„,^»™„.. 


WUh S Fh on P/D/in<™ fFirt. 


The Cftrhonate diesolrei. with ef- 
l^nescpnoetoit llinillil bltt-a. irlilch 
wh.in liiii CBrtnin fludi nl mtura- 
tion may Iw umdo o|ijtque hy 

Itheemn&'ojiMqDB oncouliau, siren 


As Rith Eorax. 


Like Baryta. 


Like Bajita. 


Readily rilssnlyert to » limpid 

with cfcnru.'cenca^^-On a Inrjce ndnl- 
on eiiolini;. but duet not bvcume 


SnlnblB In Urge qnantitie< to ft 
limpid lElaasHhidi. when auClloient 

!lslSi'oi.''whSnraUi°ratSrt?rhBg''l(^ 
byeauiea enameLwhito ua eoolini 


II behRXa [Iko Llinc, bat does not 
orjatftlllaoBOwell. 


Readilyaolualet.xillmpid l-Ium. 
winch licnnilIBi' OOiiqilo hy flmoiiii;. 


DlsaoWea atowlr to a limpid 

and wl,1«h cannot bo made oloudy 
"by SnmlnK. A tvaa quantity of 
Aliim>n» maksj the gUta olnudj-j 
on cooling, it assumes b atyitallmn 


SfltuWo (0 n limpid sUw. uhleh 

OBI. irt<"iinuoUAluui!nai;t>dd«l. 
the uudlsaoltBd porHon becdmw 
translucent. 
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Table DX— CON- 





OS CA ttlml aailin Ihl 
Fgnept. 


lri!& Ctrianatt of Soia 
one*. 


6. Gldcisa. 


Not changod. 


iDiolabla. 


7. Tttria. 


Not onimaed. 


Insolubla. 


8. ZlRCOSIA 


InfoaiWe. hot omitting a 
vatybriUliullUlbt. 


iDBOlllbla. 
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With Sx on Plaiimm Wire. 


»».-..„.„„»,. 


limpid fflnss, nliieli liuoomea "puquo 
ent In esceas it becouiea enamel- 


A,.,ttB.,„, 


LikoGIaolna. 


■■""»--■ 


Llko Glnoina. 


Dissolves mora slonly than nitb 
Borax. 
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7. — Test with Soda. 

The substance to be examined is pulverized, mized 
with soda, moistened a little and spread on coal. At 
first it should be healed gently, but after the moisture is 
driven off the temperature should he raised as high as 
possible. It should now be observed, first, whether the 
assaj effervesces, and fuses with the soda; or second, 
whether it is reduced ; or third, whether neither one nor 
the other occurs, in which case the melted soda sinks 
gradually into the coal, and the assay remains unchanged. 

Silicic, titanic, tungstic and molybdic acids effervesce, 
and fuse with the soda. Silicic and titanic aci da under 
these circumstances melt to a head. The former only 
pves, (when not too much soda is employed), a bead 
■which remains transparent after cooling, while that of 
the 'latter becomes, in cooling, opaque and crystalline. 
Tungstic and molybdic acids are absorbed by the coal as 
tungstate and molybdate of soda. It should also be no- 
ticed hero that salts of baryta and strontia forni, when 
fiised mth soda, compounds which are absorbed by the 
€oal. 

All the oxides of the noble metals, as well as the ox- 
ides and acids of molybdenum, tungsten, antimony, 
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TEST WITH SODA, 71 

arsenic, tellurium, copper, quicksilTBr, bismnth, tin, lead, 
zinc, cadmium, nickel, cobalt and iron arc reduced on 
coal with soda, when heated hy the reducing flame. 
Arsenic and quieksilver are instantly volatilized, and 
Bometimea leave behind a scarcely perceptible deposit on 
the coal. Antimony, tellurium, bismuth, lead, thallium, 
zinc, cadmium and indium arc partially volatilized, and 
form on the coal distinct incrustations. The fixed 
metals, when thus reduced, are found either melted or 
unmelted in the soda, and are best detected by grinding 
the part of the coal into which the soda has sunk in bu 
agate mortar, and carefully washing off the particles of 
coal with water. Those metals which are fusible and 
malleable remain in the mortar as fiat pieces and scales, 
and the iofusihle and unmallcablc aa a powder with a 
metallic luster. Instead of soda, it is better, according 
to Plattner, to use with those oxides which are reduced 
with difficulty, oxalate of potassa. Soda is, moreover, 
employed as a special reagent for detecting manganese, 
especially when present in very small quantity. When 
a substance containing manganese is fused on platinatn 
foil in the oxidizing flame with soda, or better with a 
mixture of soda and saltpeter, a mass is obtained which 
is colored green, or when cold bluish green, by mangOr 
nateof soda. 

8. — Special Tests. 

By the methods thus &r given lor assaying with the 
blowpipe, it is not always possible to decide with certainty 
upw all the substances which may appear, but it is o^n 



Hosted by Google 



72 SPECIAL TESTS. 

necessary to undertake for this purpose still further ex- 
periments. Tliese expcrimenta, which have Jbr their 
object the special determination of certain substances, or 
eervo to confinn results previously obtained, are briefly 
given below. 

PoTASSA. — The presence of potassa in substances, 
•nth besides this contain so much soda or lithia as to 
prevent its reaction on the blue flame of tho blowpipe, 
(see Test in the Platinum Forceps), can, when the 
quantity is sufGsiently large, he proved by dissolving in 
a bead of borax, colored brownish by oxide of nickel, a 
portion of the assay, and observing the color of the bead 
Tfhen cold. A more or less distinct bluish tinge denotes 
the presence of potassa. Since the reaction depends, of 
course, upon the quantity of the assay in the bead, it 
must be gradually increased to the required amount. 
The bead must be heated on the platinum wire in the 
oxidating flame. 

Lithia.— Silicates which contain only a small quantity 
of lithia, as, for instance, many tarmalioes and scapolites, 
ather do not redden the exterior flame at all or only 
Yery slightly. In this case it is necessary to adopt the 
method proposed by Turner, by which even a small 
amount of lithia may be detected. The process is as 
follows : Tho silicate is pulverized as finely as possible 
and made into a paste with a mixture of one part of 
fluor-spar with one and a half parts of bisulpbate of 
potassa and a little water, and fused on the platinum wire 
in the blue flame, the color of the exterior flame being 
carefully noticed. According to Mcrlet, it is often 
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neceaaarj in order to be poaitive in regard to the r^ctioa 
to U33 two pirts of the mixture with one part of the 
assay. If the silicate contains a small qumtity of lithia, 
ihe oater flame will bo colored red, though not so brightly 
as from lithia alone, the color inclining strongly to the 
violet of the potassa. If the silicate be free from lithia, 
only the violet color of the patassa appears. If it con- 
tains soda, it is not always possible to obtain a distinct 
reaction frcm the lithia. If boracic acid be present in 
the silicite, as in tnrmalino, the outct flime exhibits first 
a green tinge denoting tha prcsenoa of the' acid, bat 
afterwards a wine or less intense red from the lithia. 
Another method of detecting lithia when mixed with soda 
is Slid to be to dip the assay, moistened with hydrochloric 
acid, into melted wax and then heat it in the blue flame, 
hy which, at the first mament, a red color is prodnced. 

BaaAcic Acid. — Turner has propDsed the fallowing 
method of testing for boracic acid in salts and minerals : 
The assay is to bo pnlverized as finely as possible and 
made into a paste with water and a flux consisting of 
four and a half parts of biaulphata of potasSa and one 
part of fluor-spar, which is perfectly free from boracic 
acid, and fnsed on the platinum wire in the blue flame. 
While the mass is fusing flno-boracic acid is formed 
which is driven off and colors the exterior flame a deep 
yellowish green, (siskin-green.) The greon color of the 
flame continues, however, only so long as flao-boracic 
acid gi3 is disengiged. If, therefore, the quantity of 
boracic acid be small, strict attention must be given, 
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since the color lasts only the few seoondfl in -wliicli the 
materials of the bead are operating on each other. Ac- 
cording to Merlet, it is often necessary; in order to obtain 
a reliable result, to employ with one part ot the assay 
thr^ or four parts of the flux. 

Silicic Acid. — This may he most easily detected in 
silicates by heating a small splinter or fragment in a bead 
of salt of phosphorus. The silicic acid, being nearly 
insolable in the salt, is separated from the soluble parts 
8nd forms a more or less transparent mass of the form 
of the assay used, which is called a siliceous skeleton. 

SoLPHDRic Acid and Sulphdr. — In sulphates, sul- 
phide?, and inde3d in all subatances containing sulplmr, 
the smallest traCB even of this element may be detected 
by mixing the assay with two oi' three parts of soda, or 
according to Plattner, with the same quantity of oxalate 
of potassa, (which is perfectly free from sulphuric acid), 
and heating the mixture in the reducing flame on char- 
coal. The melted mass, when cold, is laid, with that 
part of the coal into which it has siinb, on a piece of 
bright silver and moistened with water. If sulphur be 
present, and has accordingly formed sulphide of sodium, 
there appears sooner or later a black or brown stain of 
sulphide on the silver. It most, however, be &bserved 
that selenium gives the same reaction. Von Kobell gives 
the following directions for determining whether the 
sulphur in a mineral belongs to a sulphide or to a sul- 
phate. The finely pulverized assay is fused with hydrate 
of potassa in a platinum spoon before (he blowpipe. The 
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platinum spoon witli its contents is then placed with a 
bright piec3 of silver in a small porcelain dish of water. 
If the substance contains a suli>hido, the silver is 
blackoued, but if a sulphate, it remains perfectly bright. 
In the latter case, the sulphur must first be proved 
present on coal with soda, and, of course, that portion 
which is melted in the platinum spoon must not have 
been exposed to any reducing influence. 

NiTKia Acid. — Nitrates heated in a matrass give off 
first oxygen, and then nitrous acid, which may ha 
recognized from its yellow color as well as peculiar odor.. 
Nitrates of potasEa and soda deflagrate when heated on 
charcoal, A small quantity of nitric acid may be de- 
tected in a substance by heating a portion of it in a 
matrass with a little more than an equal weight of bi- 
sulphate of potassa. The color of the nitrons acid gas 
may be most distinctly seen hj looking directly into the 
open end of the matrass and thus through as thick a 
stratum as possible of the mixed gases. 

rLUOKiNE. — ^When hydrofluoric acid in small quantity 
occurs in minerals with any of the heavier metals and a 
small quantity of water, it is only necessary, according 
to Eerzelins, to beat the assay in a glass tube closed at 
one end, and into the open end to introduce a strip of 
moistened Brazil-wood paper. Hydrofluosilicic acid is 
driven off by the heat and deposits not far from the assay 
a ring of silica, and the Brazil-wood paper is turned 
straw-yellow by Uie action of the resulting hydrofluoric 
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■cid. This reaction may be obtained, when as in some 
micas the hydrofluoric acid amounts to no more than 
three-fourtha of one per cent. If tho substance, -whether 
a mineral or a slag, exhibits no reaction of bydroflnoric 
acid either on tho glass or the Brazil-wood paper, it 
should, according lo Bei'zclius, be treated as follows : 
The pulverizad aa^ay is mixed with salt of phosphorns, 
which has been prcTiously melted on coal and then pul- 
Terized, and heated at one end of an open glass tube, so 
that the curi'ent of hot air shall pass over it and ibrOugli 
the tnbe. Minerals containing no silicic acid, treated in 
this way, giro off water and hydrofluoric acid, which 
passing through the tube may be recognized as well by 
its suffocating odor as by its power of attaiiking the glass 
which is rendered dim throughout its entire length, 
especially in those places where moisture is deposited. 
If a strip of moistened Brazil-wood paper be held before 
the current of air at the upper end of the tube, it is 
turned yellow by the hydrofluoric acid. If the sub- 
Btanco contain silicic acid, fluoride of silicon is given offi 
which is, however, decomposed by the water formed by 
the combustion of the alcohol or oil, and tho silica re- 
mains djssoked in it. When the water condensed in tho 
tube is evaporated, tho silica remains behind and may be 
distinctly seen. If the tube bo washed with water and 
dried, tho etching effect of the hydi'ofltioric acid may be 
obaerved on the glass. A strip of moistened Brazil-wood 
paper introduced into the tube at the beginning of the 
experiment is colored yellow. Since in such experi- 
nvmts it is necessary to fuse the substances, it often 
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happens in using gk^s tubes tbat the glass becomes bo 
soft tliat tbo blowing must be suspended. To avoid this 
difficulty, Smithson featens to one end of the glass tube 
hy means of a metallic irire a piece of platinum foil ao 
that it forms a half-tubo or canal outside the glass tube. 
The assay is now laid on the foil and the blast so directed 
as to drive the producis of the ignition into the tube. 
Tlie use of the wire may be dispensed witli by cutting 
down the sides of a strip of foil for tiro thirds of ita 
length and then rolling it together and introducing the 
other third into the glass tube. This has the advantage 
of preventing tlic assay, during or after the fusion, from 
coming in contact with the glass. Plattncr always 
obtains in this way satislitctory results with Both minerals 
and slags, whether the fluorine constitute an essential 
part of the substance or be present ooly as an accidental 
ingredient. According to Merlet, substances which do 
not contain too small a quantity of fluoriiie maj be tested 
by heating them, after being finely pulverized, in a mat 
rass with equal parts, (according to Berzelius with four 
parts), of fused bisulphate of potassa, till sulphuric acid 
begins to be set free. The heat, which may be Ibat of a 
spirit lamp or of the blowpipe flame, should not he ap- 
plied to the bottom of the matrass but to the side, since 
otherwise tlie mass is apt to rise in the tube. The empty 
part of the matrass bscoifies thus lined with silica which 
is deposited by the decomposition of fluosjlicic acid gas. 
The tube may then be cut off just above the melted mass, 
rinsed with water and dried with bibulous paper. If tlio 
quantity of fluorine be considerable, tlie walls of the 
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tube are etched throughout ; if tlio quantity be small, 
they show only here and there a dim spot. This method 
is, liowever, not so good for detecting minute quantities of 
hydrofluoric acid as that with salt of phosphorus in the 
open glass tube. 

Chlorine, (Chlorides and Chlorates). — Accord- 
ing to BerzeliHS, the presence of chlorine in its com- 
pounds is detected as follows : A bead of salt of phos- 
phorus is heated in the oxidizing flame and a sufficient 
quantity of oxide of copper added gradually to render 
it nearly opaque, A portion of tho substance to be 
tested is attached to tho still fluid bead, which is tliea 
heated in tho reducing flame. If chlorine be present, the 
bead is surrounded by a flame of a beautiful blue in- 
clining to purple, ivhicli continues as long as chlorine 
remains. A fresh portion of the assay renews the 
reaction. No other acid found in minerals, except 
bromine, produces a similar flame. A second method, 
also given by Eeraelius, for detecting chlorino in the 
metallic chlorides, wliich arc solulJe in water, b to lay 
upon a bright piece of silver a little sulphate of iron or 
copper, moisten with a few drops of water, and then to 
place in it a portion of the chloride. The silver becomes 
after a while stained of a deep bronze color. According 
to Merlet, the insoluble cliioridos may be tested for 
chlorine in the same way by first melting them with soda 
on the platinum wire so to form soluble chloride of sodium. 

Bromine. — According to Eerzelius, the metallic 
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bromides give with salt of phosphorus and oside of 
copper the same reaction as the chlorides ; bitt the blue 
color imparted to the flame by bromine inclinea not to 
purple, but to green, especially on, the edges. To dis- 
tinguish with certainty the bromides and hromatca from 
tho chlorides and chlorates, it is necessary, according to 
Berzeliits, to fuso them in a matrass with bisulphate of 
potassa. When thus treated, the former give off bromine 
and sulphurous acid, (and the latter, chlorine and ^sul- 
phurous acid), and fill tho matrass with reddish-yellow. 
vapors which may be distinctly recognized by their of- 
fensive odor resembling that of chlorine, notwithstanding 
the presence of sulphurous acid. If the quantity of 
bromine in the assay is small and the foregoing metliod 
be employed, it is important when the color cannot be 
observed from the side of the matrass, to look directly" 
into it through the thickest possible stratum of gas. If 
the assay contain chlorine, this is also given off under 
these circamstaiices, hut the yellow color is in small 
quantities scarcely perceptible. When iodine is also 
presant,- a mixture of yellow vapors of bromine and violet 
vapors of iodine is obtained. 

Iodine, (Met4llic Iodides and Iodatbs). — Me- 
tallic iodides, according to Berzelius, when tested in the 
head of salt of phosphorus and oxide of copper, commu- 
nicate to the exterior flame of the blowpipa a beautiful 
deep green color. When fu=ed with bisulphato of potassa 
in the matrass, they give off sulphurous acid and iodine 
which is partly sublimed and partly fills the tube with 
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violet \apor3. To diacover a small amount of iodiao in 
miueral water which has beea freed from llie greater 
part of its chloride of Bodiuin by evaporation, a. solution 
of starch in boiling water and water saturated with 
chloriae is generally employed, an insoluble compound 
bjing thus formed, which possesses a remarkably fine 
blue color. Heine uses, with better results, instead of 
chlorine water nitric acid, and testa as follows : The 
neutral fluid to be examined for iodine is mixed with a 
small quantity of a solution of starch in hot water, and 
stirred with a glass rod while a few drops of nitric acid 
are added. If iodine be present even in very small 
quantity, there appears directly an intense blue color. 

Magnesia, Oolumbic Acid, Alpmisa, Osides op 
Zixc, Tin and Antimony, Titanic Acid, Niobic 
Acid, Zirconia. — All these substances, when moist- 
ened with a solution of nitrate of cobalt and ignited, 
assume certain characteristic colors. The pulverized 
assay should be made into a stiff paste with water, 
spread on coal and gently heated. After the water is 
evaporated a drop of the solution of cobalt is to be 
added, which is absorbed by the dry porous mass. This 
Bbould then be gently heattid to decompose the nitrate 
of cobalt, and afterwards strongly ignited hy the oxida- 
ting flame. When the assay is perfectly cold, these 
substances exhibit the following colore : 

Magnesia, rose red, (not intense) ; Oolumbic Acid, 
similar to magnesia. 

Alumina, beautiful blue, (smalt blue). 
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Oxide of Zinc, beaatiful yellowish-green, (siskia 
green) ; Oxide of Tin, blaisli-green ; Oxide of Anti- 
mony, dirty green ; Titanic Aoid, yellowish-green, (less 
beautiful than oxido of zinc) ; Niobic Acid, dirty green. 

Zirconia, dirty violet. 

Tlie purity of the substances is an important requisite 
to the proper production of these colors. Impurities 
from other oxidea give rise to more or less indistinct, 
dirty colorS ; the presence of the alkalies and of silicic 
acid causes, (by their molting with the oxide of cobalt,) 
a blue color. 

Oxide of Mawqanbsb. — Exceedingly minute quan- 
tities of the oxido of manganese — even less than one- 
tenth of one psr cent. — miy bo detected by fusing the 
finely pulverized assay in the oxidating flame on platU 
num foil with two parts of soda and one part of salt- 
peter. The fused mass is more or less intensely colored 
by the mangaiiate of soda ; when hot, it appears greeu, 
when cold, bluish-green, (tnrquois-color). 

Telluriom. — A test for tellurium, proposed by Ber- 
zelius, is to grind the assay with soda and coal, and beat 
the mass to fusion in a matrass, and drop upon it when 
cold a small quantity of recently boiled water. This 
after a little time is colored more or less intensely pur- 
plish red irom the dissolved telluret of sodium. 

Arsenic, — A small quantity of arsenic in a metallic 
compound, as for instance, in nickel, cobalt, or any aJloy 
containing arsenic, can often be detected with su^cient 
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